Lophatheri Herba (Danzhuye; LH), the dried leaves of Lophatherum gracile Brongn (Poaceae), is commonly used in Chinese herbal medicine as an antipyretic, antibacterial, and diuretic.
Introduction
Lophatheri Herba (Danzhuye; LH), the dried leaves of Lophatherum gracile Brongn (Poaceae), is a widely used Chinese herbal medicine as an antipyretic, antibacterial, and diuretic, etc., for treating fever and urinary tract inflammation [1] . Commercially available LHs in Taiwan are all imported from mainland China. The flavonoids, triterpenes, phenolic acids, etc., have been isolated from LH, of which triterpenes and flavonoids, especially flavonoid C-glycosides, were reported as its main and active components [2e4], although the simultaneous determination of flavonoid glycosides in LH has also been reported [4e6] . However, in addition to isoorientin, their chemical markers are different from each other. The Chinese Pharmacopoeia (2010) uses macroscopic characteristics and tissue features as the quality control of the medical material [7] . In addition to tissue microscopic identification, isoorientin (luteolin 6-C-b-D-glucopyranoside) was used as a chemical marker for thin layer chromatography (TLC) and HPLC chromatographic standard in Hong Kong Chinese Materia Medica (HKCMM) Standards (2012) [8] . However, we found that isoorientin is not the maximum component in commercially available LHs of Taiwan. To set up the quality control platform, in addition to macro-and microscopic authentication, we performed the chemical isolation of the major flavonoid glycosides in LH and developed their simultaneous determination by HPLC and UPLC, as well as quantitation of the major components.
2.
Materials and methods
General
The infrared (IR) spectra were recorded on a Nicolet Avatar 320 Fourier transform IR spectrophotometer (Thermo Electron, Akron, OH, USA). The UV spectra were measured on a Hitachi U-3310 spectrophotometer (Hitachi High Technologies America, Salt Lake City, UT, USA). The NMR spectra were run on a Varian unity INOVA-500, and Varian VNMRS 600 spectrometers (Palo Alto, CA, USA). The Electrospray ionization (ESI) and High-resolution electrospray ionisation (HR-ESI) mass spectra were recorded on a Finnigan MAT LCQ ion trap mass spectrometer and a Finnigan MAT 95S mass spectrometer (Finnigan MAT, San Jose, CA, USA), respectively. The HPLC analyses and UPLC were run on a Hitachi L-7100 pump equipped with a binary solvent delivery and autosampler (Hitachi, Tokyo, Japan), and a Waters Acquity Ultra Performance LC (Waters, Milford, MA, USA), respectively. Column chromatography was performed using silica gel (70e230 mesh, Merck, Darmstadt, Germany) and Sephadex LH-20 (Amersham Biosciences, Uppsala, Sweden). Isoorientin and quercitrin (quercetin 3-O-a-L-rhamnoside) (as internal standard; I.S.) were bought from Tauto Biotech (Shanghai, China). Solvents were purchased from Merck (Darmstadt, Germany).
Herbal materials
The dried LHs were obtained from local retailers and taxonomically authenticated by I-Jung Lee, Ph.D., a curator of the Herbarium of National Research Institute of Chinese Medicine (NRICM), Taipei, Taiwan, and deposited in the Herbarium of NRICM (NHP 00317).
Extraction and isolation
The air dried LHs (3 kg) were extracted with 80% EtOH at 50 C overnight twice. C NMR spectrum analyses, and then compared with the published data (Fig. 1) . 
166.9 (s, C-7), 174.4 (s, C-6 000 ), 181.7 (s, C-4); 2D H-H Correlation Spectroscopy (COSY) and 1D Total Correlation Spectroscopy (TOCSY) indicated the correlations of two glycosidic moieties: 
HPLC and UPLC chromatographic conditions
The HPLC analyses were run over an Ascentis C18 column (5 mm, 4.6 mm Â 250 mm; Supelco Analytical, Bellefonte, PA, USA) with a mobile phase: A: 1.0% acetic acid, B: acetonitrile and using a program of 90% A in 0e3 minutes, 90e87% of A in 3e5 minutes, 87e83% of A in 5e25 minutes, 83e80% of A in 25e50 minutes, 80e0% of A in 50e55 minutes, 0e90% of A in 55e58 minutes, and 90% of A in 58e60 minutes. Solvent flow rate was 1.0 mL/minute. Injection volume was 20 mL and detected at 350 nm. UPLC analyses were performed over a Waters Acquity UPLC Bech C18, 1.7 mm column with a j o u r n a l o f f o o d a n d d r u g a n a l y s i s 2 3 ( 2 0 1 5 ) 8 2 1 e8 2 7
program of 95% A in 0e1 minutes, 95e87% A in 1e3 minutes, 87% A in 3e9 minutes, 87e84% A in 9e12 minutes, 84% A in 12e18 minutes, set flow rate at 0.4 mL/minute, injected 2 ml, column temperature at 35 C, and recorded at 350 nm.
Sample preparation
For HPLC analysis, each 0.5 g of 20 mesh of powdered commercially available LH in 10 mL of 30% EtOH/H 2 O was sonicated (40 kHz) twice for 30 minutes at room temperature. The mixture of each extract was centrifuged at 5000 rpm for 10 minutes. The obtained supernatants was constituted into 20 mL and filtered through a syringe filter (0.22 mm). Aliquots (20 mL) of resultant extract directly conducted HPLC analysis. For standard compounds and quercetrin (I.S.), 2000 ppm of each compound was prepared as a stock solution.
Calibration curves
The stock solutions of compounds 1e4, 8, and I.S. were diluted with aqueous methanol to the appropriate concentration ranges. Each calibration curve was performed with five different concentrations in triplicate. The calibration curves were constructed by plotting a peak area versus concentration for each analyte. Linear regression analysis for each compound was conducted by the external standard method.
Limit of detection and limit of quantitation
Using the same as the above analytical method by injecting a series of dilution of standard compounds in triplicate, the limit of detection for each compound was determined at the ratio of a peak area of the signal to noise !3:1. For the limit of quantitation, the signal to noise ratio !10:1 was determined. 
2.8.
Accuracy and precision
Intraday and interday variability and reproducibility were used to evaluate the precision and accuracy of the analytical method. Aliquots of quantitated standard analytes (high, middle, and low concentrations in the range of the corresponding calibration curve) and I.S. were prepared and analyzed as the above method in triplicate to determine the intraday variability. The interday reproducibility was similarly performed over 3 separate days. An acceptable relative standard deviation (RSD) within 5% was taken as a measurement of stability (precision) and reproducibility (accuracy) for the HPLC analysis. (Fig. 1) . The flavonoid glycoside profiles were developed by HPLC and UPLC (Fig. 3) . The contents of major components 1e4 and 8 in commercially available LHs were determined by HPLC.
Results and discussion
3.1. Tissue characteristics and structural analysis of isolated authentic compounds Ten commercially available LHs were collected from different areas of Taiwan. The macroscopic and microscopic authentication showed that there were no significant differences between them. For chemical analysis, the aqueous ethanolic extract of LH was partitioned between EtOAc and H 2 O, to give EtOAc and H
3.2.
Structural elucidation of new compound (1) C NMR data were similar to those of luteolin 6-C-glucopyranoside (isoorientin) with the exception of one more glycosyl moiety [11] . The 
3.3.
NMR analysis of the rotamers of swertiajaponin (3) and swertisin (6) Swertiajaponin (3) and swertisin (6) are both 6-C-glucosylflavones with 7-methoxyl group. As Table 1 and Rayyan et al [11] indicated that rotamers of flavonoid 6-Cglucoside resulted in the steric hindrance from the ortho methoxyl substituent at C-7 which restricted rotation around the C(sp 
HPLC and UPLC chromatograms of flavones in LHs
The optimal chromatographic condition was obtained from different mobile phases on an Ascentis C18 HPLC column (250 mm Â 4.6 mm, 5 mm; Supelco Analytical) for HPLC, and on a Waters ACQUITY UPLC BECH C18, 1.7 mm at 350 nm, respectively. As shown in Fig. 3 , the flavonoid profile can be well separated under the current HPLC (I), and UPLC (II), conditions. Quercitrin was used as an I.S. to monitor the reproducibility and minimize the artificial error, which exhibited an excellent separation from all analytes. HPLC analysis was used for the following quantitative measurement of five major components, 1e4, and 8.
Method validation

Calibration curves
A stock solution was diluted with aqueous methanol to appropriate concentrations for establishing the calibration curves. Five concentrations of each analyte solution were analyzed in triplicate, respectively. The calibration curves were then constructed by plotting the peak area versus concentration for each analyte. As Table 2 shows, the calibration curves of five major compounds exhibited good linear regressions over the wide concentration range of 10e500 mg/mL of 1 and 3 with 0.9998 and 0.9995 of R 2 , respectively, over the concentration range of 5e500 mg/mL of 2 with 0.9998 of R 2 , and the concentration range of 4e100 mg/mL of 4 and 8 with 0.9993 and 0.9996 of R 2 , respectively, with the limit of detection at 1.0 mg/mL. The limits of quantitation of compounds 1e4 and 8 were between 4.0 mg/mL and 10.0 mg/mL (Table 2) .
Precision and accuracy
The precision of the method was evaluated by a freshly prepared standard solution in triplicate within 1 day (intraday), and 3 consecutive days (interday), respectively. The results in Table 2 showed that the HPLC method for compounds 1e4 and 8 had good reproducibility of 2.54%, 2.25%, 1.74%, 1.17%, and 0.61% of RSD, and precision with 1.48%, 1.10%, 2.35%, 2.00%, and 4.91% of RSD, respectively. No. 3a 3b 6a 6b 
Content of flavones 1e4 and 8 in LHs
The developed HPLC method was subsequently applied to the simultaneous determination of the flavones profile, and the quantitative analysis of the top three major flavone C-glycosides in 10 commercially available LHs. Representative chromatograms are shown in Fig. 3 (I) , as well as a UPLC in Fig. 3 (II) . A quantitation of five major compounds in 10 LHs by HPLC are shown in Table 3 . Their contents are 1: 0.146e1.170%; 2: 0.051e0.296%; 3: ND (not detected)e1.385%; 4: 0.045e0.199%; 8: 0.031e0.126% of dried herbal materials.
Conclusion
In this study, a new flavone C-glycoside was isolated and identified as luteolin 6-C-b-D-glucuronopyranosyl-(1/2)-b-Dglucopyranoside (1), which was also measured as one of the major components in LH. Two rotamer pairs of swertiajaponin (3) and swertisin (6) were also found in LH for the first time and assigned by their 1D and 2D NMR spectra. A developed HPLC analysis with good accuracy and reproducibility was used for simultaneous and quantitative determination of a series of flavonoid glycosides in the LHs. The UPLC, with excellent separation quality, was compared to traditional HPLC, which is also provided for relative time and solvent reduction. These methods are readily accessible for the quality control of LH.
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